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We investigate the prospects for non-standard interactions (NSI) in solar neutrino propagation and detection
and find that these may solve the tension between the observed flatness of the SuperKamiokande electron spectrum
and its large mixing angle (LMA) prediction which has a clear negative slope. Also the Cl rate prediction from NSI
comes within 1σ of its experimental value instead of the LMA one which lies more than 2σ above. A remarkable
consequence of NSI for solar neutrinos is the possibility of neutrino decay into majorons and antineutrinos whose
appearance probability is calculated but found to be rather small.
Neutrino non-standard interactions (NSI) have
been introduced long ago [1,2] to account for a
possible alternative solution to the solar neutrino
problem. Since then a great deal of effort has been
dedicated to study its possible consequences [3,4].
On the other hand, although apparently dor-
mant in the past few years, solar neutrinos is by
no means a closed subject. In fact its low energy
sector is still poorly known and the large mixing
angle (LMA) predicted Cl rate lies in the range
(2.9−3.1) solar neutrino units (SNU) in compari-
son with 2.56±0.21 SNU. Moreover and more im-
portantly, there is a clear discrepancy between the
LMA predicted spectrum for SuperKamiokande
[5] and the data (see fig.1). NSI are introduced
as extra contributions to the vertices να, νβ and
ναe so that
LMNSI = −2
√
2GF ε
fP
αβ [f¯γ
µPf ][ν¯αγµPLνβ] (1)
where the NSI parameters εfP quantify the devia-
tion from the standard model: ε ≃ Λ2EW /Λ2NP ≃
10−2 for d=6 or ε ≃ Λ4EW /Λ4NP ≃ 10−4 for d=8
operators respectively.
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Figure 1. Predictions for SuperKamiokande. The
upper and lower curves are the LMA spectra with-
out and with NSI. They are superimposed on the
data published by the Collaboration in 2008 [5].
Treating NSI vertices like the standard interac-
tions we get for the NSI potential
V (NSI) = GF
√
2 Ne
[(
εePαβ
)
CC
+(
− 1
2
+ 2 sin2θW
)(
εePαβ
)
NC
+
(
1− 8
3
sin2θW +
Nn
2 Ne
)
εuPαβ +(
−1
2
+
2
3
sin2θW − Nn
Ne
)
εdPαβ
]
(2)
1
2where Ne and Nn are respectively the electron
and neutron solar densities. The standard inte-
raction (SI) potential is on the other hand
V (SI) = GF
√
2Ne
(
1− Nn
2Ne
)
(3)
and the full one is the sum (2) and (3). Notice
that limεαβ→0[V (SI) + V (NSI)] = V (SI).
Denoting by vαβ (α, β = νe, νµ, ντ ) the matrix
elements (2), the matter Hamiltonian in the weak
basis is therefore
HM = Vc

 1 0 00 0 0
0 0 0


+

 vee veµ veτvµe vµµ vµτ
vτe vτµ vττ


(NSI)
(4)
and in the mass basis, including the free part,
H =


0 0 0
0
∆m2
21
2E 0
0 0
∆m2
31
2E

+ U † HM U (5)
where U is the Pontecorvo Maki Nakagawa
Sakata (PMNS) matrix. The survival and con-
version probabilities (Pee, Peµ, Pe,τ ) are obtained
from the integration of the Schro¨dinger like equa-
tion with H and for the neutrino detection with
electron scattering, as in SuperKamiokande, we
allow for the possibility of ναe
− → νβe−. The dif-
ferential cross section for the process is the stan-
dard one with the replacements for the weak cou-
plings given in ref. [6] together with the spectral
event rate.
Investigating the parameter range |εαβ | ǫ [5 ×
10−5 , 5 × 10−2], our analysis shows that only
imaginary diagonal couplings change the LMA
survival probability in the desired way: a flat
shape for neutrino energy above 4 MeV while
keeping the same values for low energies. An in-
finite number of combinations for the ε parame-
ters is of course possible for the best fit to the
data [6] and we choose here a common value
ε = 3.5× 10−4.
A necessary consequence of these facts is neu-
trino decay in solar matter. Since radiative de-
cay and neutrino spin-light [7] are excluded in
the sun, we are left with the possibility of decay
into an antineutrino and a majoron. This decay
probability as a function of antineutrino energy
Ef is given by [6]
Pν¯β (Ef )=
|gαβ |2
8π
∫ RS
Ri
|Vα(r) + Vβ(r)|I(r, Ef )dr (6)
with
I(r, Ef )=
∫ Eimax
Ef
φ(Ei)(1−e−Γ(r,Ei)r)Ei − Ef
Ei
2 dEi.
Here gαβ are the neutrino majoron couplings,
φ(Ei) is the incoming solar neutrino flux for en-
ergy Ei, Vα,β(r) are the NSI interaction poten-
tials Ri is the neutrino production point and
Γ(r, Ei) is the matter dependent decay rate. We
take Eimax = 16.5 MeV from the standard so-
lar model. Upper limits for gαβ are given in the
literature [8].
The antineutrino probability (fig.2) is seen to
be extremely small but grows rapidly as Ef ap-
proaches its lower limit. It decreases fast to zero
as Ef → Eimax , since fewer neutrinos contribute
in the upper energy range. Comparison with
the Borexino [9] and the KamLAND [10] upper
bounds on solar ν¯e shows that our predictions lie
within 6-8 orders of magnitude within the data
[6]. Hence any increase in experimental sensitiv-
ity will be unable to reveal a possible solar an-
tineutrino flux produced from NSI.
Finally the full physical process in our model
for neutrino propagation and decay through NSI
in the sun is represented in fig.3. Equation (6) we
used for the Hamiltonian does not take into ac-
count the extra physics involved in the majoron
coupling and is therefore a truncated Hamilto-
nian, whose hermiticity is restored once the de-
tailed majoron emission process is taken into ac-
count.
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Figure 2. Panel (a): antineutrino production
probability in a logarithmic scale. Panel (b):
LMA+NSI probability and antineutrino produc-
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value prevents the possibility of observing an-
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